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For a long time, it seemed that auxin, the archetypal plant 'hormone', was headed for the same fate as retinoic acid. Both are small molecules that are able to dramatically change developmental processes when added exogenously. Yet, a direct link between either molecule and its effects has been elusive. After the discovery that Hedgehog and its colorfully named sisters, key cell-cell signalling proteins in animals, are able to carry out most of what retinoic acid was supposed to perform, it appeared that retinoic acid would be relegated to a footnote in the textbooks. The long and, until recently, futile search for the downstream components of the auxin response pathway led some to believe that a plant equivalent to Hedgehog was just waiting to be found.
And yet, auxin may be the real thing after all. Work from several groups has begun to reveal a possible mode of action that could explain its powerful and varied effects. A key breakthrough was the identification of putative auxin influx and efflux carriers. Auxin had long been hypothesized to flow from the top of the plant toward the roots, passing through cells using specialized carriers. The first putative carrier cloned was AUX1, which has properties consistent with it being involved in auxin influx [1] . The first putative efflux carrier was identified by three groups and thus goes by three names: EIR1, AGR and AtPIN2 [2] [3] [4] . Although bearing some homology to bacterial transporters, there is still no definitive evidence that this protein is able to transport auxin. Antibodies to a related protein, AtPIN1, showed that it localizes to the sides of the cells where it would be expected that auxin efflux would occur [5] .
Analysis of genes related to AtPIN1 has begun to reveal some startling properties suggesting that they encode critical mediators of auxin function. The AtPIN3 gene is expressed specifically in cells that are the primary sites of gravity sensing [6] . In the center of the root cap are cells containing starch-filled plastids called amyloplasts, which are known to sediment in the direction of the gravity vector. It has been hypothesized that the sedimenting amyloplasts cause the flow of auxin to be redirected such that more of it passes on the downward side of the root. This increased auxin flow is thought to reduce cell expansion in those cells, resulting in the downward curvature of the root in response to gravity.
When roots were analyzed after moving them so that they were at right angles to the gravity vector [6] , it was found that AtPIN3 protein in the central root cap had changed from being symmetrically localized to being polarly localized on the lateral faces of the cells. After one hour of gravity stimulation, the AtPIN3 protein was found asymmetrically localized, not only in the central root cap cells, but also in lateral root cap cells on the downward side of the root. Moreover, mutations in AtPIN3 reduce -but do not abolishthe ability of the plant to respond to gravity. Taken together these results provide the first mechanistic evidence that links auxin flow to the gravity response.
In a similar manner, analysis of AtPIN4, another AtPIN1 relative, suggests that it is an important mediator of root patterning [7] . A role for auxin in root patterning was indicated by the presence of a concentration maximum just below the center of the root meristem [8] . When plants were grown on inhibitors of auxin transport, the auxin maximum became broader and there was a concomitant change in cell division patterns and cell identities. Similar, although less extreme, changes were observed in Atpin4 mutants. Moreover, the AtPIN4 protein was found to be expressed specifically in the cells surrounding the center of the root meristem, and was localized to the lower (basal) surfaces of the stem cells and their immediate progeny in the meristem [7] . These results indicate that AtPIN4 is essential for channeling auxin through the root meristem, which in turn plays a role in patterning the root. Polar placement and rapid relocalization of auxin efflux carriers provide a conceptual basis for explaining changes in auxin flow in response to gravity and during root patterning. How, then, is auxin perceived and how does it act? Answers to the latter question are more satisfying than the former. Good candidates for downstream effectors of auxin action are the transcriptional regulators AUX/IAA and ARF. The AUX/IAA proteins appear to act by dimerizing with the ARF proteins and thereby preventing them from binding to DNA. When auxin levels rise, IAA proteins, which are normally very short-lived, become even more unstable. This releases the ARF proteins, which can then activate or repress their (as yet unidentified) target genes [9] . This suggests that auxin regulates protein degradation. Indeed, one of the first auxin-resistant mutations, axr1, turned out to be in a gene encoding a protein with homology to ubiquitin-activating enzymes [ A colleague once referred to working on auxin as sinking deep into a swamp. It would now appear that the field is rapidly slogging its way out of the swamp. As fate would have it, retinoic acid is also undergoing a rehabilitation, with the recent discovery of retinoic acid biosynthesis mutants and their effects on animal patterning [13] . These two small molecules thus appear poised to regain a measure of respectability in their roles as regulators of growth and development. 
